DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State

Alabama
VI.B.4h Chemical Hydrogen Storage CoE, University of Alabama...........cccccoceviniiiinininnnninieneeene 566
VIL.G.5 Smart Energy Management and Control for Fuel Cell Based Micro-Grid
Connected NeighDOThoOdS .........oouiiiiiiiiieiee ettt 972
VIIL.A.7 Global Assessment of Hydrogen-Based Technologies ...........cceecvvveviieicieeicieeecie e 1163
Alaska
IV.A.11 Ceramic Membrane Reactor Systems for Converting Natural Gas to Hydrogen and
Synthesis Gas (ITM SYNZAS) ....eccviiirieiiiieiieiieriereese et esteereebesbesesestaesraessaessaesseesseessessseesses 124
Arizona
IV.C.3  Single Membrane Reactor Configuration for Separation of Hydrogen, Carbon
Dioxide, and Hydrogen Sulfide...........cccoecviiiiiieiienieieiicrecre et ste e r e esreesbe v e 181
IV.F.9  Combinatorial Development of Water Splitting Catalysts Based on the Oxygen
Evolving Complex of Photosystem I .........ccccoceeiieriiniiiiieriiieeee e 276
V.F.2  Hydrogen Delivery Infrastructure Options ANalysis.........cccceceevuerieniniriienenenenienieneneneeeens 447
VI.B.4f Chemical Hydrogen Storage CoE, Northern Arizona University .........ccccceeeveeecieeecieescveennneenne 562
VIIL.B.3 Hydrogen Power Park Business Opportunities Concept Project.........ccocvevvevvecveeciencrencrennnens 1180
California
1.5 Technical and Economic Studies of Regional Transition Strategies Toward Widespread
Use of Hydrogen ENEIZY ......cc.oeieiiiiiiieee ettt 38
IV.A.1  Autothermal Cyclic Reforming Based Hydrogen Generating and Dispensing System............. 77
IV.A.3 A Reversible Planar Solid Oxide Fuel-Fed Electrolysis Cell and Solid Oxide Fuel Cell
for Hydrogen and Electricity Production Operating on Natural Gas/Biogas.........c.ccccccveeenennee. 86
IV.A.11 Ceramic Membrane Reactor Systems for Converting Natural Gas to Hydrogen and
Synthesis Gas (ITM SYNZAS) -.c.veeueeierieiieiieiereee et ete ettt ettt e e seeseesseeneeeesaeeseeneeneensene 124
IV.A.12 Integrated Short Contact Time Hydrogen Generator ...........ccoceeveevererercenienenenceieseeee e 127
IV.B.5 Hydrogen Production for Fuel Cells via Reforming of Coal-Derived Methanol..................... 155
IV.C.6  Hydrogen Production via Commercially Ready Inorganic Membrane Reactor....................... 190
IV.E.1  Maximizing Light Utilization Efficiency and Hydrogen Production in
MICTOAIZAL CUILUTES ...ttt ettt sttt st eb et te b b 211
IV.F.1  High-Efficiency Generation of Hydrogen Using Solar Thermochemical Splitting of
Water - UNLV: Photoelectrochemical Hydrogen Production Subtask at UH ......................... 243
IV.F.3  Photoelectrochemical Hydrogen Production Using New Combinatorial Chemistry
Derived MAterials ........cceeoiiiiiiieeieee ettt ettt ettt sttt e naee s 256
IV.F.4  Discovery of Photocatalysts for Hydrogen Production............ccccceeeeuiiiciiiciienie e 263
IV.F.5  Solar Water Splitting: Photocatalyst Materials Discovery and Systems Development ........... 268
IV.F.8  Photoelectrochemical Hydrogen Production ..............ccoeeeriiniinienieniieieeieee e 274
IV.G.4 High Temperature Heat EXchanger Project.........ccccocieeiieeciieiiieciiecieeceeceere et 306
IV.H.5  Alkaline, High-Pressure EIECtrOlYSiS.......c.cvvvirviirienieiieniesiesiieieeieesieesie e enveense e 348
IV.H.7 Hydrogen Generation From Electrolysis..........cccoeviiiiiiiinieiieiieiieieere et 357

1365



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

California (Continued)

IV.H9
IV.I1
V.D.1
V.F.2
VILA2

VLA3

VLA.S

VLA.5b
VLA.5d
VLA.5e
VLA.5f
VLA.5i
VLA.5k
VLB.4d
VLB.4i
VLB .4j
VLC.1b
VILC.1d
VLD.2

VID.6

VI.D.7
VILE.1
VLE.2
VI.G.4

VIL.C.1
VILF.8
VILH.1
VILH.2
VILHA4
VILH.6
VILI.8
VILI.10
VILK .4

Modular System for Hydrogen Generation and Oxygen Recovery..........cceecvvvevriienienienieennen. 363
Solar Hydrogen Generation ReSEarch ...........ccccueeciiiiiiiiiiiiiiecieecieecee et eve e seve e 377
Inexpensive Delivery of Compressed Hydrogen with Advanced Vessel Technology............. 431
Hydrogen Delivery Infrastructure Options ANalysis.........ccoeeeeieriereeneeniiesieeie e 447
High Density Hydrogen Storage System Demonstration Using NaAlH, Based

Complex Compound HYdIides ........ccoeiiieiiiiiiieiieeesieiee ettt e 467
Discovery of Novel Complex Metal Hydrides for Hydrogen Storage through

Molecular Modeling and Combinatorial Methods ............cccoecviieciiriiiiiiiieie e, 473
DOE Metal Hydride Center of EXCEIIENCE .....ecvvirvieriieiicieciicicciie ettt 487
Metal Hydride CoE, California Institute of Technology ..........cccoceeviiriiiriiniiiiiiieeieeieeeen, 493
Metal Hydride CoE, HRL Laboratories, LLC .........ccccccciiiiiiiniiieieeieeieeee e 498
Metal Hydride CoE, Intematix COrporation ............ccverieerieeriereereenesnesresnessesssessesssesssesssens 500
Metal Hydride CoE, Jet Propulsion Laboratory (JPL) .........ccecciviiriiinienieiieeieeie e 501
Metal Hydride CoE, Sandia National Laboratories...........ccccevvreeieeriienieenie e eree e 506
Metal Hydride CoE, Stanford UNIVETSILY .......cccuevveriieriieriieiiereeieeresreseresesesesesnesssesseessessseens 516
Chemical Hydrogen Storage CoE, Intematix Corporation ..........cccceceveeeeerienereneeneenieseeeenee 558
Chemical Hydrogen Storage CoE, University of California, Davis..........cccccccvveeveevveenneeennnn. 568
Chemical Hydrogen Storage CoE, University of California, Los Angeles (UCLA)................ 570
Carbon-Based Hydrogen Storage CoE, California Institute of Technology ..........cccccceeeeneeee. 590
Carbon-Based Hydrogen Storage CoE, Lawrence Livermore National Laboratory................ 594
A Synergistic Approach to the Development of New Classes of Hydrogen Storage

IMEALETIALS ..cnveete ettt ettt ettt et e it eat e sat e st e e bt e sbte e bt e bt et et e eeean 635
Hydrogen Storage Materials with Binding Intermediate between Physisorption and
L0115 008 Y0 g 3110 s SRR 646
New Concepts for Optimized Hydrogen Storage in Metal-Organic Frameworks ................... 648
Low Cost, High Efficiency, High Pressure Hydrogen Storage ............ccoceeveeiiiiiiiinicnncnenne 653
Advanced Concepts for Containment of Hydrogen and Hydrogen Storage Materials ............ 657
Solid State Hydrogen Storage Reduced Infrastructure Requirement Chemistry/Hardware
OPtMIZAtION STUAY ..c..eevieniiiiiieee sttt sttt ettt ettt e be et et e seesbe e e eneen 715
New Electrocatalysts for FUEl Cells .........cccoeiieiiiiiiiiiiiieieee et 811
Plate-Based Fuel Processing SYSteIM .. ...cecuiiiiiiiiiirieiieit ettt ettt 939
Cost and Performance Enhancements for a PEM Fuel Cell System Turbocompressor ........... 985
Fiber Optic Temperature Sensors for PEM Fuel Cells.........c.coccovviiriiiiiiiniiniiniecieeeeeeeen 989
Development of a Thermal and Water Management System for PEM Fuel Cells................. 1000
Hydrogen Program Sensor Development ...........cccooevierirenieienerienceeesiesieee e 1011
Investigating Failure in Polymer-Electrolyte Fuel Cells ..........ccocceiiiniiniieniiniiieeeicee 1062
Electrochemical Sensors for PEMFC Vehicles .........ccooiiiiiiiiiiiiiieeeceeeeee 1072
Advanced Catalysts with Reduced Noble Metal Content for Fuel Cells..........cccccererencene. 1097

1366



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

California (Continued)

VILK.5

VILK.6

VILK.7
VILK.9
VIILA.3

VIIL.A.4

VIILA.S
VIILA.6
VIII.B.3
VII.C.3
VIIL.D.3
VIILF.2
IX.2
IX.3
IX.6

X.5

X.8

XI.1
XI.12
XI1.14

Colorado
III.2
II1.4
111
IV.A.11

IV.A.13
IV.B.6

IV.B.7
IV.E2
IVE.A4

Demonstration and Evaluation of Fuel Cell Powered Trailer Refrigeration

UNIES (TRUS) ottt ettt et ettt et e e et e et e e eteeeateeesesensseesaseeeaneennns 1105
Solid Oxide Fuel Cell Development for Auxiliary Power in Heavy-Duty Vehicle

F N o] o] FTe 15 T0) 4 TSP 1110
Direct Methanol Fuel Cell Power Supply for All-Day True Wireless Mobile Computing....1116
Research and Development for Off-Road Fuel Cell Applications..........ccoevevveevreenieenieenenne. 1129
Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project

(Chevron Technology VENLUIES) .......cccuevcieriieriieriieiieieeteereeeeseresresaesssessaessaesseesseesssessaenses 1151
Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project

(GENETAL IMOTOTS) ..eevviieiiieiieeiieeiteesiteeeiteeete e et e e stbeeeeaeeseseeesseesaseeesseeenseeanseseseeensseensseesseensens 1155
Hydrogen and Natural Gas Blends: Converting Light- and Heavy-Duty Vehicles ............... 1158
Fuel Cell Powered Front-End Loader Mining Vehicle ...........cccceviiniienienienieeeeeie e, 1159
Hydrogen Power Park Business Opportunities Concept Project..........coocevvevveneeneeneeninnne. 1180
Auto-Thermal Reforming Based Refueling Station at SunLine Services.........cccceeevveeennennee. 1194
Chattanooga Fuel Cell Demonstration PrOjECt ..........ccevvierierierienieniieiecreeie e ereevesnesenens 1209
Power Parks System STmuUIation..........cceecieriieriieciiie et se e se e esseesseennas 1232
Hydrogen Codes and Standards............ccccveeiiieiiiiiiieiiieciie ettt sve e vee s ve e 1255
Hydrogen Safety, Codes and Standards R&D ..........cccceviiriieniinieiciece e 1261
Evaluation of Integrated Hydrogen SyStemS ...........ccovevvreieriierierierieneeieeieene e ene e senenenes 1282
Hydrogen Technology and Energy Curriculum (HYTEC) .......ccccooviiivciiiiiiiiieieeceeee e 1303
Education Materials: Understanding the Hydrogen Economy ..........cccccevveevveviieieevieeciennenen. 1312
Novel, High Capacity Hydrogen Storage System (Phase I Project)........cccoceveveevencncnceenne 1330
A High Efficiency PV to Hydrogen Energy System (Phase II Project) .........ccccccvvevveenenennee. 1338
Hydrogen Recovery and Carbon Dioxide Separation In Steam Methane Reformers

(PhaS@ LT PIOJECL) ...eeueeeuieeiie ettt ettt st st e b e b e b e et e be e b e besbee s 1339
Moving Toward Consistent Analysis in the HFC&IT Program: HyA ... 26
Energy Systems Analysis: Hydrogen Deployment System Modeling ...........ccceccevveereiveieennnnen. 35
Macro-SyStemM MOAEL .......ccuuiiiiiieiiieiieee ettt e re e et e b e e e be e e ba e e raeeraeenees 62
Ceramic Membrane Reactor Systems for Converting Natural Gas to Hydrogen and

Synthesis Gas (ITM SYNZAS) -.c.veeueeierieriieiieiereee ettt ettt et estesee st eneesesaeeseeneeneessene 124
Distributed Bio-Oil RefOrming.........ccccoviruieiiiiriiniiieeesesee et 129
Cost-Effective Method for Producing Self-Supporting Pd Alloy Membrane for Use in

the Efficient Production of Coal-derived Hydrogen.............ccccceeveeneeiieiiieieniinieeieeeseeeane 158
Advanced Hydrogen Transport Membranes for Vision 21 Fossil Fuel Plants......................... 162
Biological Systems for Hydrogen Photoproduction............ccccceveververienieneeneeiesieesieeie s 216
Fermentation Approaches to Hydrogen Production ..............ccceeveevieiieiiiesiiniinieeie e 230

1367



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

Colorado (Continued)

IV.E.S

IV.F.1

IV.F.2
IV.F.8
IV.H.3
IV.I1
V.12
V.F.2
VILA2

VI.C.1
VILC.1f
VILA.2
VIL.B.10
VIL.D .4
VIL.G.7

VILH.9
VIILA.6
VIIL.B.1

VIII.B.3
VIILF.1
VIILF.3
VIILF.4
IX.2
XI.5

Connecticut

Iv.C9
IV.D.1
IV.D.2
IV.HA4
IV.H.7
IV.H.11
V.B.1

Hydrogen Reactor Development and Design for Photofermentation and Photolytic

PLOCESSES ...t 236
High-Efficiency Generation of Hydrogen Using Solar Thermochemical Splitting of

Water - UNLV: Photoelectrochemical Hydrogen Production Subtask at UH ...............c........ 243
Photoelectrochemical Systems for Hy Production...........coccecceeeveninininicnininiccncnenceeenne. 250
Photoelectrochemical Hydrogen Production ............cccccvevieiieiieieeiecieeiecee e svesveeee e 274
Renewable Electrolysis Integrated Systems Development and Testing...........cccocceveverienueennen. 340
Solar Hydrogen Generation ReSEarch .............cccueeviieeiiiiiiieiie ettt 377
Fundamentals of a Solar-thermal Mn,03/MnO Thermochemical Cycle to Split Water.......... 389
Hydrogen Delivery Infrastructure Options ANalysis........cccoeeeeierierieneenienieeie e 447
High Density Hydrogen Storage System Demonstration Using NaAlH, Based Complex
CompPouNd HYdIIAES .......eeuieiiiieiieeieeeee ettt ettt satesate st e s e st esseenseeseens 467
DOE Carbon-Based Hydrogen Storage Center of Excellence ...........ccccvevveeevieienvesvesveninennen. 581
Carbon-Based Hydrogen Storage CoE, National Renewable Energy Laboratory ................... 597
Advanced MEAs for Enhanced Operating Conditions.............cceeeueeieeienieneenienieseeieeieeeenn 730
Advanced Fuel Cell Membranes Based on Heteropolyacids .........ccccceeveveeriieiciiencieeciee e, 799
Corrosion Protection of Metallic Bipolar Plates for Fuel Cells...........ccocvevievienienienieieenn, 882
Application of Advanced Computer-Aided Engineering (CAE) Methods for Quality

and Durability of Fuel Cell COMPONENLS..........cecceeriierieiieriieiieerieerieetesreseeesereseesseesseesseessenns 980
PEM Fuel Cell Freeze and Rapid Startup.........cccceeeeuieeiieiiieeiiecie et eiee e 1024
Fuel Cell Powered Front-End Loader Mining Vehicle...........ccccvevuveiinciiniiniieiecieceenee e, 1159
Hawaii Hydrogen Center for Development and Deployment of Distributed Energy

N 17311 USRS 1167
Hydrogen Power Park Business Opportunities Concept Project..........cceceveiiriienienieneennennn. 1180
Controlled Hydrogen Fleet and Infrastructure Analysis..........ccccveeveieniieniienieeieeeveeevee e 1227
Technology Validation: Fuel Cell Bus Evaluations ............ccceccveeiriieninrienieniesee e 1237
Hydrogen Infrastructure Transition ANalYSis ........ccecverierierieeiieeiieeie et 1242
Hydrogen Codes and Standards..............ocvieeiiiiiieriiieciiecie ettt eteesveeesveeeseneesaneenes 1255
Nano-Fabricated Hydrogen Separation Membranes (Phase I Project)..........ccecevenincennee. 1332
Advanced Water-Gas-Shift Membrane Reactor............coecveriieiiiriiiiiiiiiieieeeeeie e 199
Startech Hydrogen Production.............occuiiiiieiiiiiiieciie ettt e e e evee e enes 203
A Novel Slurry-Based Biomass Reforming Process ...........cccvvevivverienieniienieenienieeieeie e 209
EVermont Hydrogen Electrolyzer Project..........ccocueviiiiiiiininiiiiiincntccesceeceesie e 345
Hydrogen Generation From EIeCtrolySiS.......cveicuiiiiiieiiieiiiiiciie et 357
Hydrogen Filling Station FY 2005 Progress Report.........c.cccvvvivvierienierieneeeeseeeeeeie e 370
Reversible Liquid Carriers for an Integrated Production, Storage and Delivery

OF HYAIOZEN ..c.oniiiiii et 425

1368



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

Connecticut (Continued)

V.E.1
VI.A2

VI.A4
VI.A.6

VILA.3
VIL.B.3
VIL.B.4

VILB.8

VIL.D.1
VIL.G.1
VILH.5
VIILA.3

IX.2
XI.13

Delaware
VI.B.2
VIL.B.3
VIL.C.5

VILE.1

Florida
VI.G.2
VIL.A.2
VIL.B.7
VIL.H.2
X.10

Georgia
I11.9
VILB.4

VIL.H.4
VIILE.1

Combined Reverse-Brayton Joule Thompson Hydrogen Liquefaction Cycle.............c........... 437
High Density Hydrogen Storage System Demonstration Using NaAlH, Based

Complex Compound HYdIides ........c.eeruieiiieiiieieiiesiieceeieseee et 467
Complex Hydride Compounds with Enhanced Hydrogen Storage Capacity.........c...ccccvvenneene. 479
Effects and Mechanisms of Mechanical Activation on Hydrogen Sorption/Desorption

of Nanoscale Lithium NItrIAES .......cceoveriiriiieieiee et 528
Development of High-Temperature Membranes and Improved Cathode Catalysts ................ 739
Enabling Commercial PEM Fuel Cells with Breakthrough Lifetime Improvements .............. 761
Development of a Low-Cost, Durable Membrane and Membrane Electrode Assembly

for Stationary and Mobile Fuel Cell Application ............cceceierieiieneninieieesesecee e 767
Development of Higher Temperature Membrane and Electrode Assembly for Proton

Exchange Membrane Fuel Cell DeVICE ......ccveiiiiiiiieieiieceeee et 790
Scale-Up of Carbon/Carbon Composite Bipolar Plates ..........ccccocevevievininninniineninececne 863
150 KW PEM Fuel Cell Power Plant Verification...........cceceeveeneineiienienieniesee e 951
Development of Sensors for Automotive Fuel Cell Systems ........ccccevveeviecrieieevesienvervennens 1005
Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project

(Chevron Technology VENUIES) ......cccceuerieriiriieieieeie sttt ettt sttt st nee 1151
Hydrogen Codes and Standards............cceoeerierieriieinieee et 1255
High-Efficiency, Ultra-High Pressure Electrolysis with Direct Linkage to Photovoltaic

ATTays (Phase II PLOJECT) ..veiuvieiiieiiie ettt ettt ettt et e e s ebe e s abaesaae e e 1339
Chemical Hydride Slurry for Hydrogen Production and Storage............cccceevvevienreenienieannenns 534
Enabling Commercial PEM Fuel Cells with Breakthrough Lifetime Improvements .............. 761
Development of High-Performance, Low-Pt Cathodes Containing New Catalysts

ANA LAYET STIUCTUTE ...eouvieiieiieiieie ettt ettt ettt et e bt et e eteebeenbe e st e satesaeesaeesneesseenseenseenne 833
Platinum Recycling Technology Development...........c.cooieiiiiiiiiiiiiiiieieniesceeecee e 889
Fuel Cell and Hydrogen Research at the University of South Florida...........ccccoooninnininnen. 696
Advanced MEAs for Enhanced Operating Conditions............ccoeevereerieneeneeneeneeneeeieeee e 730
MEA and Stack Durability for PEM Fuel Cells..........cccoeoviiiiiiiiiiieiieeieceeceeee e 784
Fiber Optic Temperature Sensors for PEM Fuel Cells..........ccccvvvvrviiiiecinciiniiniecieeieeeene 989
STAC Hydrogen Learning CeNters .........ccceecuieruerieeiieeieeiesiiesieesieesieenteeseeneesnseeneesseesseeseeenne 1319
Impact of Hydrogen Production on U.S. Energy Markets ..........ccccoevevieviiencieeeciieecie e 58
Development of a Low-Cost, Durable Membrane and Membrane Electrode Assembly

for Stationary and Mobile Fuel Cell Application ............ccecerieiriieneninieeresescee e 767
Development of a Thermal and Water Management System for PEM Fuel Cells................. 1000
Hydrogen from Biomass for Urban Transportation .............ccccceeeerieneenieneenieenieeneene e 1215

1369



DOE Hydrogen Program FY 2005 Progress Report

Hawaii
IVF.1

IV.F.8
IV.I1

VIA.1
VILA3

VI.A.SI
VIL.B.4

VIILB.1

Idaho
IV.G.1
IV.G.2
IV.G.5
IV.H.10

Illinois
III.12
I1I1.13

IV.A4
IV.AS

IV.A14
IV.B.8
IV.C3

Iv.C.7

IV.E3

IV.G3
IV.H.8

V.AS
V.C1
V.F.1

XV Project Listings by State (Continued)

High-Efficiency Generation of Hydrogen Using Solar Thermochemical Splitting of

Water - UNLV: Photoelectrochemical Hydrogen Production Subtask at UH ......................... 243
Photoelectrochemical Hydrogen Production .............ccecceeeeeiieniiniieiieeieeeeeeeee e 274
Solar Hydrogen Generation ReSEarch ...........ccccveecviiiiiiiiiiiiiiecieecieeeee e seve e 377
Catalytically Enhanced Hydrogen Storage SyStemS.........c.eccviiverieeriieniesiesieereeieeneevesnesenens 463
Discovery of Novel Complex Metal Hydrides for Hydrogen Storage through Molecular
Modeling and Combinatorial Methods..........c.cccveviiiieriieniieieiieeee et 473
Metal Hydride CoE, University of HAWaii.......cccoceevieviinininiiiiniincciceceeceeeeee e 517
Development of a Low-Cost, Durable Membrane and Membrane Electrode Assembly

for Stationary and Mobile Fuel Cell Application ...........ccceecvierciieecieeeiieeiiecieeeiee e eee e 767
Hawaii Hydrogen Center for Development and Deployment of Distributed

ENETZY SYSIEIMS ..eviiieiiiiiiieie ettt ettt et e st e s tee st eetaeetaeensaeensseessaennseensseesnseennns 1167
High-Temperature ElECtrOlYSIS.......cueriirierieiiieiieiieie e see ettt esieesieeseesesnsesssesssessnenseas 291
Sulfur-lodine Thermochemical CYCIE ..........cooiirieiiiiieiieiee ettt 296
Nuclear Hydrogen Initiative System Interface and Support Systems ..........cccceevevervienviennenns 313
Large Area Cell for Hybrid Hydrogen Co-Generation Process..........cccceeevenerinienienenencnee. 367
Updated Well-to-Wheel Analysis of Energy and Emission Impacts of Fuel-Cell Vehicles ......64
Analysis of the Hydrogen Production and Delivery Infrastructure as a Complex

AQAPTIVE SYSTEIM L...uiiiiiieiiieeiieeiee et e et et e eteeetee s bt e eteeeteeebeeessaeessaeessseessseesseesseesssesssseanseeans 68
Development of a Natural Gas to Hydrogen Fuel Station............c.cccveevieciincieiiiesienienienieeneeenns 91
Hydrogen Generation from Biomass-Derived Carbohydrates via the Aqueous-Phase
Reforming (APR) PrOCESS ....ccvevvieriieiieiieiieiesie sttt sttt teeae et esseeseaesaeessaessaenseenseenns 96
High-Pressure Distributed Ethanol Reforming............ccceccevviriiniiiniiniinieieseeeeeee e 136
A Novel Membrane Reactor for Hydrogen Production from Coal ..........cccccoevevveeciienieennnenee. 166
Single Membrane Reactor Configuration for Separation of Hydrogen, Carbon Dioxide,

and Hydro@en SUfIde@ .........ccvieiiiiiieiiciecicceereeee ettt st raesre e beessaesseesaeense e 181
Development of Mixed-Conducting Dense Ceramic Membranes for Hydrogen

SEPATALION ...ttt ettt ettt st ee et et e bt sa e st et be e bt ea b et bt bt et e tetesaeeneens 193
Photobiological H, Production Systems: Creation of Designer Alga for Efficient and

Robust Production of Hy from Water ...........ccccceviiiiiiiniiiiiiiiieceeeeceeee e 225
High-Temperature Thermochemical ProCesSes..........cevvieviieiiiiieciiieieeeieeie e 301
System Design and New Materials for Reversible Solid-Oxide, High-Temperature

SteAM EIECIIOLYSIS 1.uviiiiiieiiieiieeiieeeeetee ettt et e et e et e et e e teeesaaeeseeeesaeesseeesaeensseensseeseennes 361
Hydrogen Embrittlement of Pipeline Steels: Causes and Remediation.............cccccvevvvevenennnnen. 421
Hydrogen SCrew COMPIESSOT .......ccuieviriereieetiertierteereeeieeteetesstesteesteesseeseesesnsesnsesssesseesseesseens 427
Hydrogen Delivery ANALYSIS .....c.cciciiiiiiiieiiieiie e eete et esite et ereesv e e s veesbeeseaeessseessseeseseessnas 443

1370



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

Ilinois (Continued)

V.F.2
VI.A2

VLA3

VI.A4
VILA.5m
VI.C.3
VI.D.7
VILE.3

VILF.3
VILA.2
VILB.2
VIL.C.6
VILF.1
VILF.2
VILF.5
VILH.5
VILH.7
VILL7
VILK.1

VILK.2
VIILA.1
VIILA.2

VIIL.A.6
IX.2
X.7

Indiana
VIL.K.6

VILK.10

Kansas
VIL.E.2

Hydrogen Delivery Infrastructure Options ANalySiS........cceceereereeriersienienienieneeseeenieesieeeens 447
High Density Hydrogen Storage System Demonstration Using NaAlH, Based

Complex Compound HYdIides ........c.eeruieiiieiiieieiiesiieceeieseee et 467
Discovery of Novel Complex Metal Hydrides for Hydrogen Storage through

Molecular Modeling and Combinatorial Methods ...........ccccccuveviieriienciieniiecieecieecee e 473
Complex Hydride Compounds with Enhanced Hydrogen Storage Capacity.............ccccvvenenne. 479
Metal Hydride CoE, University of ILNO0iS .....c.ccoerierienineniiiiinineeeiecsceteeese e 518
Electron Charged Graphite-based Hydrogen Storage Material............cccceevveeiieriiencieencrieenen. 624
New Concepts for Optimized Hydrogen Storage in Metal-Organic Frameworks ................... 648
Analysis and Development of Cost-Effective and Reliable H, Off-Board Hydrogen

Storage Technology for Refueling Sites........c.ceciveiireiirieeiiienieriereeee e 662
System-Level Analysis of Hydrogen Storage Options..........ccceceevirieneenienieneeneenieenieeeeenees 676
Advanced MEAs for Enhanced Operating Conditions............cceecuereververieseeseeseenseessesnsesnnenns 730
High-Temperature Polymer MemDbIanes ............cccvevieriieiieciieiiieieeee e e sieseneseesenesnessnenenens 757
Cathode Electrocatalysis: Platinum Stability and Non-Platinum Electrocatalysts................... 838
Water-Gas Shift CatalySiS .....ccccuiiiiiiiiiieiiiecie ettt rte e sve s e e s v e e staeesereeseseessseessseensaeans 901
Catalysts for Autothermal Reforming ............ccecveeiieciieciiicieeiecieceseee e 906
Fuel Processing R&D .......coouiiiiiiiiiieeeeee ettt st s b et 921
Development of Sensors for Automotive Fuel Cell Systems..........cccoeevvevciieriienieenciieeneeee, 1005
Fuel Cell SyStems ANALYSIS .......cecverveiieiieniesieniiesieesieeteesieeresesesseesssesssessaesssesseesseessesssenseens 1014
Fuel Cell Testing at Argonne National Laboratory ..........ccccceveevierienieriinieeieeie e 1060
Direct Methanol Fuel Cell Prototype Demonstration for Consumer Electronics

F N o] o] FTe: 1103 4 1O OSSOSO 1081
Bipolar Plate-Supported Solid Oxide Fuel Cell “TuffCell” .........ccovvevievievieeiiericreeee e 1087
Hydrogen to the Highways (DaimlerChrySIer) .........ccccvveveriieriinierierieneeeeicee e 1143
Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project

(FOTd MOtOT COIMPANY) ....vieueieiiieiieettesitesieesteesteeteeteenteeeteetesntesseesseesseenseenseenseensesnsesnsesnsesnnens 1147
Fuel Cell Powered Front-End Loader Mining Vehicle .........c.ccocoeveiiiieiiiiiineciie e 1159
Hydrogen Codes and Standards.............occeevveriieciieciiniieie et esie e ennas 1255
Education Materials: Hydrogen Program Information Kit...........ccccooieiiiiiiniinniiiieceee 1309

Solid Oxide Fuel Cell Development for Auxiliary Power in Heavy-Duty Vehicle

APPIICALIONS ....evieiiieceiie ettt et e et e et e e e b e et e e st e e e bee e bee e teeebae e taeetaeentbaenebaeenraeereennes 1110
Diesel Fueled SOFC for Class 7/Class 8 On-Highway Truck Auxiliary Power.................... 1134
Platinum Group Metal Recycling Technology Development ............cccoceeienininincieneneneenee. 895

1371



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

Kentucky
IV.A.9 Low-Cost Hydrogen Distributed Production SYStems ...........cceccverierieerieesiieciieieeiesee e 114
IV.B.7  Advanced Hydrogen Transport Membranes for Vision 21 Fossil Fuel Plants......................... 162
V.A.3  Materials Solutions for Hydrogen Delivery in Pipelines.........cccccceevververienienienienieseenieeiens 415
Louisiana
VILA4 Complex Hydride Compounds with Enhanced Hydrogen Storage Capacity..........c..ccervveneenne 479
X.11 Shared Technology PrOGIam ..........cccccieiiiiiiiieniieiiecieeit ettt eas 1324
Maryland
1.8 Hydrogen Production Infrastructure Options ANALYSIS ........c.ccceevveeerercrenieeseesieseeseesieesseesseenns 56
IV.E.6  Hydrogen from Water in a Novel Recombinant Oxygen-Tolerant Cyanobacteria System .....241
IV.H.5  Alkaline, High-Pressure EIeCtrolySis........ccceriiriiriiiriiriiesiteieet et 348
VI.A.5g Metal Hydride CoE, National Institute of Standards & Technology (NIST)......c.cccceeevvrvennne 502
VI.C.le Carbon-Based Hydrogen Storage CoE, National Institute of Standards and Technology ....... 595
VILL.I  Neutron Imaging Study of the Water Transport Mechanism in a Working Fuel Cell ........... 1029
VILK.6 Solid Oxide Fuel Cell Development for Auxiliary Power in Heavy-Duty Vehicle
APPIICALIONS ...eeviieiiieeiie ettt et e et e e et e e ae e stbe e stbeeesbeeetbeestbeeesbeeatbaenebaeenbaeeareeanreenns 1110
VIII.A.4 Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project
(GENETAL IMOTOTS) ...veeerieeiiieeieeeieeeeteeeteeetee e tteesteeeebeessbeesssaesssaessseassseassseeassaeassseesseeseeeseennns 1155
VII.B.1 Hawaii Hydrogen Center for Development and Deployment of Distributed
1G] g A 4] 155 00 LSS 1167
IX.7 Management of International Energy Agency (IEA) Hydrogen Implementing
Agreement (HIA) SECTELATIAL...........eervierieeriieiieieeieseeeteste e sieesteesbeesreeeeesaesssesssesssessaesseenes 1284
X.6 H, Educate! : Hydrogen Education for Middle SChools ..........ccccevininiiiinininienininencee 1306
X.9 Hydrogen Education and OUtreach............ccoovieiiiiiiiiiiiicicceccee et 1315
X.10 STAC Hydrogen Learning CeNterS .........cccccververieerieerieerieeieereseeseeseesseesseesseessesssessesssessaens 1319
Massachusetts
1.6 Hydrogen Production in a Greenhouse Gas Constrained Situation............cecceeeveveeniencenieennennn. 44
I11.7 Fuel Choice for Fuel Cell Vehicles: Hydrogen Infrastructure Costs..........cceeeveeeeveeeciirenveenneens 50
IV.B.2  Robust Low-Cost Water-Gas-Shift Membrane Reactor for High-Purity Hydrogen
Production from Coal-Derived SYNEAS........ccceeevirieiieiieriesieiiereeseereeseeressesnesenesssesseessees 148
IV.G.4 High Temperature Heat EXchanger PTOJect.........ccoevvevieriieiiieniieiieciececeeceee e 306
IV.H.1  Low-Cost, High-Pressure Hydrogen Generator .............cccoecveervieeciieeiieeerieeesieeesieeereeeveeeseneenns 329
V.F.2 Hydrogen Delivery Infrastructure Options ANalySiS........ccceevveeererierierieeneenieerieesesvesvesnennens 447
VIL.B.2  Chemical Hydride Slurry for Hydrogen Production and Storage............cccecvvevercvirvereeneenenns 534
VI.B.4g Chemical Hydrogen Storage CoE, Rohm and Haas ...........c.cccoeeiiviiiiiiiniiiniieceecee e 564
VI.C.4 Nanostructured Activated Carbon for Hydrogen Storage .........c.cceeveeeververiieneenieneeseenieenneens 626
VLF.2  Analyses of Hydrogen Storage Materials and On-Board Systems.........c.cccceeereereeneneneneenne. 671

1372



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

Massachusetts (Continued)

VILA.3
VIL.C.2

VILE.7
VIL.H.3

VILI.9
VIILA.6
IX.2
XI.2
XI.4

XIL.6
XI.8
XI.9

Michigan
II1.13

IV.F.6
IV.F.7
VLA3

VI.C.1k
VILC.11
VIL.D.5
VIL.D.7
VILF.1

VL.G3
VILF.6
VIL.H.2
VIILA.1
VIILA.2

VIILA.3

VIILA.4

Development of High-Temperature Membranes and Improved Cathode Catalysts ................ 739
Novel Non-Precious Metal Catalysts for PEMFC: Catalyst Selection through Molecular
Modeling and Durability STUAIES. ........ccveriiiiiiieiie ettt 816
CHARM - Cost-Effective, High-Efficiency Advanced Reforming Module.............ccccevvennenn. 932
Development and Testing of a Toroidal Intersecting Vane Machine (TIVM) Air

MaANAEMENT SYSLEIM........eiiciiiecieeiieereeerteesteeestteesteeestte e sreesaeesseessseessseessseessseessseessseessseenssenns 995
Cost Analyses of Fuel Cell Stack/SYStems.......cccuevviriiririiiiieriesieeseeeeieee e 1067
Fuel Cell Powered Front-End Loader Mining Vehicle .........c.ccocoeviiiiiiiiiiiiiciieeieeeeee e, 1159
Hydrogen Codes and Standards...........c.oceevieviieeiieciieiiee et se s ese e esreeseennas 1255
Electrochemical Hydrogen Compressor (Phase I Project) .........ccooceeveevieiiieiiniieiieieieee 1330
Ultra-High Productivity Metal Membranes for Hydrogen Production Applications

(STTR Phase I PIOJECL).....ceeuieuieiieriieritesie ettt ettt ettt sttt st ettt et e te e beeaeebeennens 1331
Dimensionally Stable High Performance Membrane (Phase I Project) ........ccccceeeveeincenne. 1332
Metal Hydride Slurry as a Novel Carrier of Hydrogen (Phase I Project).......c.ccccceveveneencee. 1333
Novel, Low-Cost Solid Membrane Water Electrolyzer (Phase II Project) ........cccccoceveveene. 1334

Analysis of the Hydrogen Production and Delivery Infrastructure as a Complex

AQAPTIVE SYSTEIM . ..eiiuiiiiiiiiiiieetieetteeee et et ee et e et e eteeebaeetbeesseessseessseessseessseassseessseessseesseenses 68
Critical Research for Cost-Effective Photoelectrochemical Production of Hydrogen............. 270
Bioinspired Composite Nanomaterials for Photocatalytic Hydrogen Production.................... 272
Discovery of Novel Complex Metal Hydrides for Hydrogen Storage through Molecular
Modeling and Combinatorial Methods...........cccuerieiieiiniiiiiiiie e 473
Carbon-Based Hydrogen Storage CoE, University of Michigan .........c.cccoccevviniiiininnnene. 613
Carbon-Based Hydrogen Storage CoE, University of Michigan ...........cccoccevvvvrviercierveneennennn. 614
Metal Perhydrides for Hydrogen Storage..........cocierueeiieiiieiiieiieieeeee et 644
New Concepts for Optimized Hydrogen Storage in Metal-Organic Frameworks ................... 648
Standardized Testing Program for Emergent Chemical Hydride and Carbon Storage
TECNOIOZICS ...ttt ettt ettt e bttt et e e teeaeente s ebeeneeneeneeneenseane 665
Advanced Manufacturing Technologies for Hydrogen Energy Systems..........cccoecveeverieennn. 709
Fuel Processors for PEM Fuel Cells.......coooiiiiiiiiiiiiieieeeee et 926
Fiber Optic Temperature Sensors for PEM Fuel Cells........c.cccvvviiiviieviieciieciiiiiniecre e 989
Hydrogen to the Highways (DaimlerChrySIer) .........ccccoveverierienierienieneeeeeeeeeeie e 1143
Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project

(FOTd MOtOT COIMPANY) ....vieueieiieeiieeieesiieseesteesteeteeteenteeeteeteentesstesseesseenseanseeseensesnsesnsesnsesnnens 1147
Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project

(Chevron Technology VENtUIES) ........ccccviiiuiiriiiieiieeie ettt sttt 1151

Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project
(€518 1 WY (01 0) ) U STUU SRS 1155

1373



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

Michigan (Continued)

VIIL.B.2
VIIL.C.1
X3

Minnesota
IV.A.12
VIL.A.2
VIIL.B.5

VIL.B.7
VIL.C.9
VILK.9
VILK.10

Mississippi
VIL.B.3
VIILB.1

Missouri
IV.A3

IV.E3

VIL.D.4
VI.D.8

Montana
IV.F.7
VILB.6
X.4

Nevada
IV.G4
IV.H.11
IV.I1
VI.A.5n
VI.G.5
VIILLA.6
VIIL.B.3

DTE Energy Hydrogen Technology Park...........ccocoviiiiiiiiiiiiiiceeeeeeeeeens 1175
NextEnergy Microgrid and Hydrogen Fueling Facility...........cccooeviiviiiiiciiiniiecieecie e 1187
Hydrogen/Alternative ENergy CONter .........cecvueviiriieriieniesiieieeieeteereeresereseeesenesssesssessaessenns 1296
Integrated Short Contact Time Hydrogen Generator..............ccceecueeeverienienienieniesieeseeeneeeieens 127
Advanced MEAs for Enhanced Operating Conditions..............cccveevereiieenieesieeseeeseeeseveeeees 730
Development of Polybenzimidazole-Based, High-Temperature Membrane and Electrode

Assemblies for Stationary APPIICALIONS .......ecverreerreeerierieeiieereeresrereesreesreesseeseeseesesssesssensees 771
MEA and Stack Durability for PEM Fuel Cells.........ccccevieiiiiciiniieiieieeieceece e 784
Novel Approach to Non-Precious Metal Catalysts..........ccccvevierieriienenieeiieieeieeee e 854
Research and Development for Off-Road Fuel Cell Applications ...........cceecveeevervenveneeennnenn 1129
Diesel Fueled SOFC for Class 7/Class 8 On-Highway Truck Auxiliary Power.................... 1134
Enabling Commercial PEM Fuel Cells with Breakthrough Lifetime Improvements............... 761

Hawaii Hydrogen Center for Development and Deployment of Distributed Energy
STSERITIS ..eutieiiieeteeet e et e et e et e et e e teeeteeesteeesteeestaeessaeensseesssaessseeasseessseaassaaasseeasseeassaesnseennsens 1167

A Reversible Planar Solid Oxide Fuel-Fed Electrolysis Cell and Solid Oxide Fuel Cell

for Hydrogen and Electricity Production Operating on Natural Gas/Biogas ...........cccceeveerunennne 86
Photobiological H, Production Systems: Creation of Designer Alga for Efficient

and Robust Production of Hy from Water .........cc.cceoieiriniiiniiininccnceceeecseeeeeeee 225
Hydrogen Storage in Novel Organic Clathrates ..........c.ccoecveviereierieniienieeneeseeieeie e 641
A Radically New Method for Hydrogen Storage in Hollow Glass Microspheres ................... 650
Bioinspired Composite Nanomaterials for Photocatalytic Hydrogen Production.................... 272
Montana PEM Membrane Degradation Study ...........ccceecieviiiiiiieiienienesee e 777
Hydrogen Futures Park at The University of MoNntana ............ccccceeeeveeriienreenie e esveeseveenns 1300
High Temperature Heat EXchanger Project.........coveviivieccieniiiienieseeieeecie e 306
Hydrogen Filling Station FY 2005 Progress Report.........c.oocvvevivierienienieneeneeseeeeeeve e 370
Solar Hydrogen Generation ReSEarch ...........ccccueecuiiiiiiiiiiiiiiecieecieecee et 377
Metal Hydride CoE, University of Nevada, Reno.........ccccceeevveiiiiieiiiiciieiiceecie e, 521
Fundamental Research for Optimization of Hydrogen Storage and Utilization....................... 716
Fuel Cell Powered Front-End Loader Mining Vehicle..........cccoeiiiniiiniiiiiieciieeieeceee, 1159
Hydrogen Power Park Business Opportunities Concept Project..........cccoevvvvveeviencvenveneennnnnn, 1180

1374



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

Nevada (Continued)

VIIL.D.1

VIILE.2

New Jersey

IV.A7
IV.H.10
VI.B.1
VI.B.4e
VID.1
VILA.1
VILE.2
VIL.H .4
VIILLA.1
IX.2

Research and Development of a PEM Fuel Cell, Hydrogen Reformer, and Vehicle

New Mexico

IV.C.1
IV.H.6
VI.B.4
VI.B.4a
VILA4
VILB.9
VIL.C.5

VIL.C.7
VILF.4

VILI.3
VILL4
VILIS5

VILI.6
VILJ.1
VILK.8
VIILB.1

IX.4
X.6

REfUCHNG FACIIILY ...eoviiiieiieiicie ettt ettt et s e sneesnaeseeennas 1201
Hydrogen Fuel Project - HyFuel.......coccoiiiiiiiiicceteteeeee e 1221
Integrated Hydrogen Production, Purification, and Compression System...........c.cceccevereennee 106
Large Area Cell for Hybrid Hydrogen Co-Generation Process ...........coceeceevenienenenieneenennne 367
Low Cost, Off-Board Regeneration of Sodium Borohydride...........ccccoeeevviinienieninniiiieene 531
Chemical Hydrogen Storage CoE, Millennium Cell INC........c.coceeevirriiienieiieeieseeieeeeieenn 560
Sub-Nanostructured Non-Transition Metal Complex Grids for Hydrogen Storage................. 629
Integrated Manufacturing for Advanced Membrane Electrode Assemblies ...........ccceeueenenne. 723
Platinum Group Metal Recycling Technology Development ............cccocvevienienieenieenieenieenenns 895
Development of a Thermal and Water Management System for PEM Fuel Cells................. 1000
Hydrogen to the Highways (DaimlerChrySsler) .........coccoveeiinieniinienieieeeeee e 1143
Hydrogen Codes and Standards...........ccccceeeiiieiiiiniieiiieeiie et ve e vee s ae e 1255
Defect-Free Thin Film Membranes for H, Separation and Isolation.............ccccccecevenienennene. 171
Increasing the Efficiency of the Water Electrolysis Cell .........ccccoooiiiiiiiiniinienieieieeeee 353
DOE Chemical Hydrogen Storage Center of Excellence...........ccccoevveeviieniienieenieeieeie e 540
Chemical Hydrogen Storage CoE, Los Alamos National Laboratory............cccceceecevereneennene 549
Electrocatalyst Supports and Electrode Structures............ccocuevieriereeniienieiieieeie e 746
Non-Nafion, Membrane Electrode ASSEMDIIES ..........ocevvviivviiiiiiiiiiieeeee e 794
Development of High-Performance, Low-Pt Cathodes Containing New Catalysts

ANA LAYET STIUCTUTE ...eevviiiiiiieiieieeie et et ete st e st et e ste et e et e esbeesbeesbesssessseassesssesssesseesssessaesseenns 833
NON-Precious Metal CatalySts .......ceecververierierieniieseeie et eisseeeereseeeseeesaeesseeseesseesseesesssesseens 842
Development of a 50kW Fuel Processor for Stationary Fuel Cell Applications Using
Revolutionary Materials for Absorption-Enhanced Natural Gas Reforming............ccccecuenenn. 916
PEM Fuel Cell DUIaDIlitY .....cccvviiiiieiieeiie ettt ettt veeste e b e ssveeesvaeennaesnneas 1039
Effect of Fuel and Air Impurities on PEM Fuel Cell Performance..........cccccccovereeienenennene. 1046
Component Benchmarking: Establishing a Standardized Single Cell Testing Procedure

through Industry Participation, Consensus and Experimentation ............cccceceverereneneenene 1052
Fundamental Science for Performance, Cost and Durability ...........ccccccvveviieniienciieccrieeienne, 1056
Sub-Freezing Fuel Cell Effects. ..ottt sve e e snne s 1077
Direct Methanol Fuel Cells......c..oiuiiiiriiiiiiiieieiiee et 1121
Hawaii Hydrogen Center for Development and Deployment of Distributed Energy

SYSLEITIS ...ttt ettt ettt ettt ettt ettt e st e e st e e s at e e suteesabeesabeesabeesabeeeabeesbeeebeeebaeen 1167
International Standards and Regulations ...........ccccoeeeeieniininiiiicninineiccneneeeeeeeeeene 1273
H, Educate! : Hydrogen Education for Middle Schools ............ccccoceiioiiinininiiniicice. 1306

1375



DOE Hydrogen Program FY 2005 Progress Report

New York
II1.9
IV.Al
IV.A.8
IV.A.10
IV.B4
IV.C4
IV.C.6
IVE.S
IV.H.2
IV.H.8

V.A3
VI.A.5a
VIA.5¢
VLB.4g
VI.C.4
VID.8
VILB.5

VILB.7
VII.C.4
VILE.2
VIL.G.2
VIL.G .4
VILK.1

VIILA.4
VIIL.D.1

IX.2
XI1.3

XV Project Listings by State (Continued)

Impact of Hydrogen Production on U.S. Energy Markets...........cccoccovvevieniieniienienieenieeieeieenn, 58
Autothermal Cyclic Reforming Based Hydrogen Generating and Dispensing System ............. 77
Integrated Ceramic Membrane System for Hydrogen Production ............ccceevveviveviieniienieennnn, 109
Low Cost Hydrogen Production Platform (LCHPP).........cccceeirviiiciiniinierieieeeeeeeie e 117
Integrated High-Temperature Coal-to-Hydrogen System with CO2 Separation ..................... 153
Scale-up of Microporous Inorganic Hydrogen-Separation Membrane ...........c.c.cceeevevvenieennnnn. 183
Hydrogen Production via Commercially Ready Inorganic Membrane Reactor....................... 190
Solar Water Splitting: Photocatalyst Materials Discovery and Systems Development ........... 268
New York State Hi-Way INTHATIVE .......cccveiieiierierieriesiese et eseesreesveessessnessnesenesenenes 334
System Design and New Materials for Reversible Solid-Oxide, High-Temperature

StEAM EIECIIOLYSIS ....veeuiitieiietieietiee ettt sttt ettt ettt s et ese et e seeene et e teseeeneeneens 361
Materials Solutions for Hydrogen Delivery in Pipelines...........ccccceeeirviiiiiniinieiienieieeeen, 415
Metal Hydride CoE, Brookhaven National Laboratory (BNL) .......cccceevieviiinciiiriieciee e, 491
Metal Hydride CoE, General Electric Metal Hydride CoE, Company............ccccvevvverrievveennenns 495
Chemical Hydrogen Storage CoE, Rohm and Haas ..........c.cccecvveiircinienienienieeeeeeee s 564
Nanostructured Activated Carbon for Hydrogen Storage ..........ccoccveeeeeevieeneeenieecieesveeeveenns 626
A Radically New Method for Hydrogen Storage in Hollow Glass Microspheres ................... 650
Development of Polybenzimidazole-Based, High-Temperature Membrane and

Electrode Assemblies for Stationary Applications .........cccevereerierienineeierieeeeeeese e 771
MEA and Stack Durability for PEM Fuel Cells .........ccccoeoiriiiiiiiiiieeieeeeeee e 784
Low Pt Loading Fuel Cell Electrocatalysts ...........ccoooieiierieiiiiiiieeie ettt 828
Platinum Group Metal Recycling Technology Development ............cocceoeveninieniienenencenenne. 895
Back-Up/Peak-Shaving Fuel Cell SYStems ........coccecuevierinirienienienintcieiesieeeeeeiesceieeeeae e 956
Residential Fuel Cell Demonstration by the Delaware County Electric Cooperative.............. 968
Direct Methanol Fuel Cell Prototype Demonstration for Consumer Electronics

F N 3 01 62213103 4T TSP 1081
Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project

(GENETAL MOTOTS) ..uveneieieeietieiieie sttt ettt ettt ettt ettt sb ettt se e et e b bt ebe et et e ebeemeene e 1155
Research and Development of a PEM Fuel Cell, Hydrogen Reformer, and Vehicle

REfUCHNG FACIIILY ..ottt 1201
Hydrogen Codes and Standards...........coceoiioiiiriiiiinie e 1255
Oil-Free Hydrogen Compressor (Phase I Project).........ccocovereeeieninineeeeeeeeeeeee 1331

North Carolina

IV.A.8 Integrated Ceramic Membrane System for Hydrogen Production ............ccccccveevvrvivnienrennnnee. 109
VIB.5 Development of Regenerable High Capacity Boron Nitrogen Hydrides as Hydrogen

StOTaGE MALETIALS ....eveitieieie ettt ettt sttt et e st e bt e bt et e et enbeenteenteeateen 577
VI.C.1c Carbon-Based Hydrogen Storage CoE, Duke University.........ccccceeeveercrieeiienciieniieecie e 592
VL.C.lm Carbon-Based Hydrogen Storage CoE, University of North Carolina (Chapel Hill)............... 616

1376



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

North Carolina (Continued)

VIL.D.1 Scale-Up of Carbon/Carbon Composite Bipolar Plates ..........cccccoceveriricnininniencnncneens 863
VILK.6 Solid Oxide Fuel Cell Development for Auxiliary Power in Heavy-Duty Vehicle
F N o] o] FTe: 15 T0) 4 TSP 1110
VIIL.LE.1 Hydrogen from Biomass for Urban TranSportation ............cecceeceeeeierieneeeeieneenieseceeeeesee e 1215
X.10 STAC Hydrogen Learning CEnters ..........ccoeveeierenireeieieneeieeeteteniesee et seesieeee e i e 1319
North Dakota
IV.D.2 A Novel Slurry-Based Biomass Reforming Process ..........ccoccevveriiniinienienieceeiceeeie e 209
Ohio
IV.A.11 Ceramic Membrane Reactor Systems for Converting Natural Gas to Hydrogen and
Synthesis Gas (ITIM SYNEZAS) ....cccviieiiiiecriieiieeiieeeeeesteerieeesteeeereeseaeestseessaeessseessseessseessseessseensns 124
IV.A.15 Investigation of Reaction Networks and Active Sites in Bio-Ethanol Steam
Reforming over Co-Based Catalysts ........ccccvvevuieriieriieiiieiicieereeie e sre e seeseneseresenesenens 141
IV.C.8 Enhanced Hydrogen Production Integration with Carbon Dioxide Separation in a
SINELE-StAte REACIOT ....vieiiieiieiiciieie ettt ettt e et e b e eebesebeetbestaessaessaessaesaesseessensnas 196
IV.F.6  Critical Research for Cost-Effective Photoelectrochemical Production of Hydrogen.............. 270
IV.F.10 Production of Hydrogen for Clean and Renewable Sources of Energy for Fuel
Cll VEIICIES. ...ttt ettt ettt et et e te e be e be et e enteeateeneesneesntenseenseenne 278
IV.F.11 Developing Improved Materials to Support the Hydrogen Economy.........c.ccccceevveenriennennen. 281
V.A.3  Materials Solutions for Hydrogen Delivery in Pipelines..........ccccooeveviivierienieneenenieeieenene 415
VL.D.1  Sub-Nanostructured Non-Transition Metal Complex Grids for Hydrogen Storage................. 629
VILLA.2 Advanced MEAs for Enhanced Operating Conditions.............cceeeeveeeciieeiieeeiieenieeesieeesreeeeeeenns 730
VILB.1 High-Temperature MemDIanes............ccveeveerueerierieriereesiesieseeseesseesseesseesseesseessesssesssessesssenns 753
VIL.B.7 MEA and Stack Durability for PEM Fuel Cells.........ccceciniriniiniinininiiicncnnceeeeneseene 784
VII.C.2 Novel Non-Precious Metal Catalysts for PEMFC: Catalyst Selection through Molecular
Modeling and Durability STUAIES. .......cccueeiiiiiiiiiie et 816
VIL.C.8 Development of Transition Metal/Chalcogen Based Cathode Catalysts for PEM
FUET CRIIS .ttt ettt et et ettt et s e eateeatesaeenaeens 848
VIL.G.3 Economic Analysis of Stationary PEMFC SyStems..........ccccevcveriieriiriinieniesienieseeneeesieene s 961
VILH.4 Development of a Thermal and Water Management System for PEM Fuel Cells................. 1000
VILH.5 Development of Sensors for Automotive Fuel Cell Systems........ccccocveevieeveeeciieeneeeeeenenn 1005
VILK.10 Diesel Fueled SOFC for Class 7/Class 8 On-Highway Truck Auxiliary Power.................... 1134
VIILF.1 Controlled Hydrogen Fleet and Infrastructure Analysis..........cocceveveereenineniienienenenienicnee 1227
IX.2 Hydrogen Codes and Standards............cocceeeiiieiiiiiiieiiieciieciee et eeveesveesvee s ae e 1255
Oregon
IV.B.6  Cost-Effective Method for Producing Self-Supporting Pd Alloy Membrane for Use in
the Efficient Production of Coal-derived Hydrogen............ccccevuiiirienieninieeee e 158
V.A.3  Materials Solutions for Hydrogen Delivery in Pipelines..........ccccooevevierienienieneeneeeeeeene 415

1377



DOE Hydrogen Program FY 2005 Progress Report

XV Project Listings by State (Continued)

Oregon (Continued)
VIL.G.6 An Advanced Buildings Proton Exchange Membrane (PEM) Fuel Cell System .................... 975
VILH.2 Fiber Optic Temperature Sensors for PEM Fuel Cells.........cccooovvieviiiniieniiiiieiiecee e 989
VILK.9 Research and Development for Off-Road Fuel Cell Applications..........ccccceevvevveerreerreenneenne. 1129
IX.2 Hydrogen Codes and Standards...........ccceeieriiniinienienereeseesieec et 1255
Pennsylvania

III.13 Analysis of the Hydrogen Production and Delivery Infrastructure as a Complex

AdAPLIVE SYSTEIML..c.uuiiitiiiieieeit ettt ettt st e st e st e s bt e sbe e bt e teenseeabeeaseenteentesasesnsesnsesseenseenns 68
IV.A.2 Development of a Turnkey Hydrogen Fueling Station...........cccccevvevienienienrienieenieeie e evenenens 81
IV.A.11 Ceramic Membrane Reactor Systems for Converting Natural Gas to Hydrogen and

Synthesis Gas (ITM SYNZAS) ..ccuvereerierrieriierierieereesieereeresreseesreesseesssesssesssesseessessseessesssesssenns 124
IV.B.3  Novel Sorption-Enhanced Reaction Process for Simultaneous Production of Carbon

Dioxide and Hydrogen from Synthesis Gas Produced by Coal Gasification ............c.ccecceueee. 151
IV.C.5  Hydrogen SeParation ..........ccceceeruieieriierieriesiiesitenteesteesteesteesseeseeseensesasesnseessesnsesseesssesseesseenses 186
IV.C.6 Hydrogen Production via Commercially Ready Inorganic Membrane Reactor....................... 190
IV.F.8  Photoelectrochemical Hydrogen Production ............ccccoecuevierieniinienieieeieeieeeeee e 274
IV.H.5  Alkaline, High-Pressure EIeCtrolySis........ccceiiiriiriiirieniiesitecieee ettt 348
IV.H.7 Hydrogen Generation From EleCtrolySis........cccevviiiiiiiiiiiiiiiiiieciiecee et 357
V.A.3  Materials Solutions for Hydrogen Delivery in Pipelines...........cccceeevercvenienienienienieneenieeiens 415
V.B.1  Reversible Liquid Carriers for an Integrated Production, Storage and Delivery

OF HYATOZOM ...ttt st sttt et e sbe b enees 425
V.G.1  Existing Natural Gas Pipeline Materials and Associated Operational Characteristics............. 449
VI.A.50 Metal Hydride CoE, University of Pittsburgh ..........ccccoeeoviriiniiiiesiecieeeeeeee e 525
VIL.B.1 Low Cost, Off-Board Regeneration of Sodium Borohydride...........cccccevvervierenininiininenenne. 531
VI.B.3  Design and Development of New Carbon-Based Sorbent Systems for an Effective

Containment Of HYATOZEN ......cocueiiiiiiiiiiieiicie ettt sttt e ee e 537
VI.B.4c Chemical Hydrogen Storage CoE, Pennsylvania State University ..........ccccceveerienieneeneenenne 555
VIL.B.4k Chemical Hydrogen Storage CoE, University of Pennsylvania..........c.ccccoeevevevenienieneeneeninns 573
VI.C.1a Carbon-Based Hydrogen Storage CoE, Air Products and Chemicals, Inc. ..........ccceeveereennen. 588
VI.C.1h Carbon-Based Hydrogen Storage CoE, Pennsylvania State University...........ccoccevveereeneennenne 607
VL.C.In Carbon-Based Hydrogen Storage CoE, University of Pennsylvania............ccccceovveerierenniennnns 618
VI.C.2  Carbide-Derived Carbons with Tunable Porosity Optimized for Hydrogen Storage............... 620
VIL.B.4 Development of a Low-Cost, Durable Membrane and Membrane Electrode Assembly

for Stationary and Mobile Fuel Cell Application ...........ccceecvierciieecieeeiieeiiecieeeiee e eee e 767
VIL.C.10 Tungsten Cathode Catalyst for PEMFEC ..........ccccooiioiiiiiiiiiniecieseeeeeereere e eve e 860
VIIL.B.3 Hydrogen Power Park Business Opportunities Concept Project.........cceceevvverververeerieenieenne. 1180
VIILI.C.2 Novel Compression and Fueling Apparatus to Meet Hydrogen Vehicle Range

REQUITEIMENLS ..ottt sttt ettt et ettt et e enteeatesatesnseeneeseenee 1190
VIII.C.4 California Hydrogen Infrastructure Project ...........cccceeviriiiiieiiiiiiieeeeeee e 1198
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Pennsylvania (Continued)
VIIL.D.1 Research and Development of a PEM Fuel Cell, Hydrogen Reformer, and Vehicle

REfUCHNG FACIIILY ...eoviiiieiieiicie ettt ettt et s e sneesnaeseeennas 1201
VIIL.D.2 Validation of an Integrated System for a Hydrogen-Fueled Power Park..........c..cccccceninen 1205
XI.10  Complex Coolant Fluid for PEM Fuel Cell SYStems .........cccccevievieniieriierieieere e ereevenenens 1336
IV.A.10 Low Cost Hydrogen Production Platform (LCHPP).........cccccoeviiriiniiniiiiieeeeeeeee, 117

South Carolina

IV.G.7 Hybrid Sulfur Thermochemical Process Development.............cccecveieeiiieiieniienienienieeeeeeene 323
IV..3  Low Temperature Electrolytic Hydrogen Production ...........c.ccccoevevienienienienieiiereeie e, 392
V.A.4  Evaluation of Natural Gas Pipeline Materials for Hydrogen/Mixed Hydrogen-Natural

(GAS SEIVICE ...ttt ettt sttt et b e b e b e bt et et et e e bt e bt st e embeeae e sae e eabesaeesatenbeenteenne 417
VI.LA.4 Complex Hydride Compounds with Enhanced Hydrogen Storage Capacity..........ccccccevuenee. 479
VILA.5) Metal Hydride CoE, Savannah River National Laboratory (SRNL)........cccccevveviiiiiciieiciienieens 514
VIL.D.8 A Radically New Method for Hydrogen Storage in Hollow Glass Microspheres ................... 650
VLG.1  Clean Energy RESEarch..........cccvevviiriiiiiieiiiiicieeieeee ettt sre e sa e e e ense s 683
VIL.B.5 Development of Polybenzimidazole-Based, High-Temperature Membrane and

Electrode Assemblies for Stationary AppliCations...........ceveeveerieriieriierieerieeie e eie e 771
VILB.11 Hydrocarbon MEMDIANE............cccuiiiiiiiiieeiiieeieeeieeeieeeieeeieeeseteeseaeeseaeeseaeessaeessseessseesssessesennns 804
VIL.C.2 Novel Non-Precious Metal Catalysts for PEMFC: Catalyst Selection through

Molecular Modeling and Durability StUAIies ........c.cccvevvieviieiiieiiieie et ie e 816
VIILA.6 Fuel Cell Powered Front-End Loader Mining Vehicle ...........ccccvevieviieciieciienienieeieeie e 1159

Tennessee

1.3 HyTrans Model DevVelOPIMENT ........cccueeeciieiiieeiieeiie e eiteeieeesiteesreesveesbeesbeeesaeeseseessraeessaeennns 30
IV.B.6  Cost-Effective Method for Producing Self-Supporting Pd Alloy Membrane for Use in

the Efficient Production of Coal-derived Hydrogen............c.ccceecveeeeiieiiriniie e 158
IV.C.2 Novel High-Temperature Ion Transport Membrane Development............cccceceveneneneeneennene. 178
IV.C.4  Scale-up of Microporous Inorganic Hydrogen-Separation Membrane .............cccccceveerueennenee. 183
IV.E.3  Photobiological H, Production Systems: Creation of Designer Alga for Efficient and

Robust Production of Hy from Water..........ccccooiriiiinininieiinininicicnencntcce e 225
IV.G.6  Materials for High-Temperature Thermochemical Processes ..........cccevvevverieiiecieenieenneerenne. 319
V.A.1  Hydrogen Permeability and Integrity of Hydrogen Transfer Pipelines............cccccecevirenennee 403
V.A.2  New Materials for Hydrogen Pipelines ...........ccceevuieiiiiriieiiiiciiecieecieesie e 408
V.A.3  Materials Solutions for Hydrogen Delivery in Pipelines..........c.ccoeevvevienienieneeneeieereeneen 415
VI.A.5h Metal Hydride CoE, Oak Ridge National Laboratory (ORNL) ........cccoceiirininieiincncneeee 504
VI.C.1g Carbon-Based Hydrogen Storage CoE, Oak Ridge National Laboratory ............cccceeeeveerunenns 605
VIL.D.2 Cost-Effective Surface Modification for Metallic Bipolar Plates ...........cccceevvveviieieerenrennnnne. 870
VILF.3 Selective Catalytic Oxidation of Hydrogen Sulfide ...........cccccveviirieniieniiecieieeecie e 911
VILH.2 Fiber Optic Temperature Sensors for PEM Fuel Cells...........ccccoeeiiiviiiniieniieieccieeeeeee 989
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Tennessee (Continued)

VIL.H.8
VILI.2

VIIL.D.3
X.2

Texas
II1.8
IV.B.6

IV.F.8
V.E2
V.F.2
VILC.li
VLC.1j
VLF.1

VILF.4
VIILA.4

VIILA.6
X.11

Utah
IV.A3

IV.A11

IV.G.1
IV.G.4
IV.H.10
V.G.1
VLA.5p
VLB.5

Vermont
IV.HA4

Graphite-based Thermal Management System Components for Fuel Cell

POWET SYSTRITIS ...ceitiieiiieeiie ettt ettt et e rtte et e e te e e ate e sat e e sbe e st e e snteeenseesnseesnseennns 1019
Microstructural Characterization of Polymer Electrolyte Membrane Fuel Cell

(PEMFC) Membrane Electrode Assemblies (MEAS) .....c.ccoouvieiiiiiiieiieeeeeee e 1033
Chattanooga Fuel Cell Demonstration Project ...........cceevvieiiieeciiieiieesieecie e 1209
Determine Baseline Knowledge of Hydrogen and Fuel Cells...........ccoevveeviiiieienienieniienenn, 1293
Hydrogen Production Infrastructure Options ANalysis .........ccccceeveeeiirienienienierieneeceieeeeenne 56
Cost-Effective Method for Producing Self-Supporting Pd Alloy Membrane for

Use in the Efficient Production of Coal-derived Hydrogen .........c..ccccooeevvevieninienicncncncnnenne. 158
Photoelectrochemical Hydrogen Production ...........cccccveviieiieiieiieie e 274
Efficient and Inexpensive Liquefier for Hydrogen...........ccocvvvierienieniiececiesiesiesieeesieeiens 440
Hydrogen Delivery Infrastructure Options ANalysis........cceeeeeieriereeneenierieeie e 447
Carbon-Based Hydrogen Storage CoE, Rice University.......ccccccveeeieeecrieeiiienirieeiie e eeee e 609
Carbon-Based Hydrogen Storage CoE, Rice UNiVerSity .........ccveeverevereierierieneereeseenseesieeneeens 611
Standardized Testing Program for Emergent Chemical Hydride and Carbon

Storage TECRNOLIOZIES. ... .eiveiiieeiieriieiieieee ettt ettt et estaessaesseesseesssessaesseenseenseensennsenes 665
Development of a 50kW Fuel Processor for Stationary Fuel Cell Applications Using
Revolutionary Materials for Absorption-Enhanced Natural Gas Reforming...........c..cceue.ee. 916
Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation Project

(GENETAL IMOTOTS) ...vieivieeiiieeieeeieeeeteeeteeeteeesteeesteeeebeesaseesssaessseessseassseassseeassaeassseesseeesesesennnns 1155
Fuel Cell Powered Front-End Loader Mining Vehicle...........ccccvevuveiinciiniiniieiecieceenee e, 1159
Shared Technology PrOGram ..........ccccccveciirieiieiieriesiesieeit e ete et e sreesree e esseesseesseenseens 1324

A Reversible Planar Solid Oxide Fuel-Fed Electrolysis Cell and Solid Oxide Fuel Cell

for Hydrogen and Electricity Production Operating on Natural Gas/Biogas ...........ccccceevveeneenne. 86
Ceramic Membrane Reactor Systems for Converting Natural Gas to Hydrogen and

Synthesis Gas (ITIM SYNEZAS) ...uveecuiieriierieiiieeriieeste ettt estreeseveeseaeesebeessseessaeessaeessseessseessseessseenes 124
High-Temperature EIECtrOlYSIS.......ucviiriiiriieiieiieie e siestesieesreereesteereesvessbeseaesesesesesseessaesaenes 291
High Temperature Heat Exchanger Project.........cccvvciiiviciiiienieeeeeee e 306
Large Area Cell for Hybrid Hydrogen Co-Generation Process.........cccccueeevieevieecciieecieeecieesnenns 367
Existing Natural Gas Pipeline Materials and Associated Operational Characteristics............. 449
Metal Hydride CoE, University of Utah..........cccveviviiiiiinieriiieiecrie e 527
Development of Regenerable High Capacity Boron Nitrogen Hydrides as Hydrogen

StOTaGE MALETIALS ....eeiitiiieieeiieie ettt sttt et e bt et e bt et e e e et enteenteeateeas 577
EVermont Hydrogen Electrolyzer Project........cccoociieiiiiiiiiiiiecie et 345
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Virginia
1.8 Hydrogen Production Infrastructure Options ANalySis ..........cccecevereerieriesieenieenieeieeieeresnenenes 56
I11.9 Impact of Hydrogen Production on U.S. Energy Markets .........cccccoceverienieninienennenenenienene, 58
IV.A.2 Development of a Turnkey Hydrogen Fueling Station ..........cccccevveviieviieniienrieiccie e 81
IV.A.9 Low-Cost Hydrogen Distributed Production SyStems ..........c.ccceveverirniierieniienienieseeseeneeees 114
V.G.1  Existing Natural Gas Pipeline Materials and Associated Operational Characteristics ............ 449
VILLA.3 Development of High-Temperature Membranes and Improved Cathode Catalysts ................ 739
VILE.2 Platinum Group Metal Recycling Technology Development .............cccveevieeiieeienienienrennenne. 895
VILH.2 Fiber Optic Temperature Sensors for PEM Fuel Cells........ccccooceniriiiinininniiniiecieene 989
VILK.1 Direct Methanol Fuel Cell Prototype Demonstration for Consumer Electronics
APPIICALIONS ....evieiiieeeiie ettt ettt e et e e st eesta e e st eeebee e bee e beeebaeeraeebaeentbaenesaeenraesreennes 1081
VIII.A.4 Controlled Hydrogen Fleet and Infrastructure Demonstration and Validation
Project (General MOTOIS) ......c.iccviiiieiiiiiiiesieesee st eitesieereereebeebeessesssessaesssesssesssessaesseesseesses 1155
IX.2 Hydrogen Codes and Standards............cocceerieriieeiieciniieie et sie e enes 1255
X.6 H, Educate! : Hydrogen Education for Middle Schools ..........cccoevirieiininiiniininiiiiicnn 1306
X.10 STAC Hydrogen Learning CEeNtETS ..........cveeeveriruieeiiieririeeeieeesieeesseesseesseessesssseessseesseesssessnns 1319
XL.7 Economical High Performance Thermoplastic Composite Bipolar Plates
(STTR Phase I PIOJECL).....uecuieiuiiriieitieiiiesie et ettt ereetteeevestvesevesebestaestaessaessaessaeseesseesseessanssens 1333
XI.11 Cellulose Production and Increased Biomass in Multifunction Crop Plants
(STTR Phase 1 PTOJECL) ...eeeuvereieriieriieriieseesieeieeieeieereeetestesteseteseaessaessaesaessaesseesseesseensennsens 1338
Washington
IV.A.6  Production of Hydrogen by Biomass Reforming ............ccccoecvriiriiiiiiniinienenieseeseeeeeieeiene 98
IV.H.10 Large Area Cell for Hybrid Hydrogen Co-Generation Process ...........ccceevvveecieeecieenneesneeenen. 367
V.B.1  Reversible Liquid Carriers for an Integrated Production, Storage and Delivery
OF HYAIOZOM ..ttt et et e et e e sbessbessbessbestaeseaesteesseesssessaenseenns 425
V.E.2  Efficient and Inexpensive Liquefier for Hydrogen..........ccccovvevieniecinciinieniesieeeeeeeeeens 440
VI.B.4b Chemical Hydrogen Storage CoE, Pacific Northwest National Laboratory .............ccceeuen.e. 552
VI.B.4l Chemical Hydrogen Storage CoE, University of Washington ...........ccccccoevvevievieerieenieecveenenne, 575
VIL.D.3 Development of Low-Cost, Clad Metal Bipolar Plates for PEM Fuel Cells...........cccccoceeueuene. 876
VILF.9 Forecourt Fuel Processing: Micro-Channel Steam Reforming of Natural Gas for
Distributed Hydrogen Production.............cooceeiiiiiirienieiieie ettt 945
VILK.3 Modeling and Control of an SOFC APU.......cccoiiiiiiiiiiieiieeeeeeeee et 1091
VILK.6 Solid Oxide Fuel Cell Development for Auxiliary Power in Heavy-Duty
VEhiCle APPIICALIONS ...cuvievieerierieiieieeieitesteesee st eteesseesseebeesbeesseessesssesssesssesssesseesseessessseesses 1110
IX.5 HYArogen SAfEtY .....ccoveeiieiieie ettt ettt s te e seaestaessaesse e seesseenseenseenns 1276
X.8 Education Materials: Understanding the Hydrogen Economy ............cccccevveeiiinciieeciienneenne, 1312
Washington, D.C.
11.10 Hydrogen ANalySisS SUPPOIL........ccieeviiriieriieirierieresteseesteesaeseesseesseesseesseesseessesssesssesssesssesssessnes 60
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Washington, D.C. (Continued)
11.13 Analysis of the Hydrogen Production and Delivery Infrastructure as a Complex

AdAPLIVE SYSTEIML....uuieniieiieiieie ettt ete et et et e st e steesteesseesseesseesseesseensessseensenssesssesssesssesseenseenns 68
IV.A9 Low-Cost Hydrogen Distributed Production SyStems ...........cecceevieerieriieeiiierieeieeie e e 114
VI.D.3 Hydrogen Storage in Novel Molecular MaterialS............ccoccveecveeieeienienieneeneesieereesreesseesneens 638
VLF.1  Standardized Testing Program for Emergent Chemical Hydride and Carbon Storage
TECRINOLOZICS ....cuvvevrieerieti et ete et e ettt e e e st e st e e te e teesbeasseesbeesseassesssesssesssesssesssasseassaessenseenssenes 665
VIL.C.3 Low-Platinum Catalysts for Oxygen Reduction at PEMFC Cathodes.........c..cccoeceevveninennenne. 823
IX.2 Hydrogen Codes and Standards.............cocvieeiiiiiieniiieiiiecieesiee ettt eraeevaeesveeeseneeseseenes 1255
X.8 Education Materials: Understanding the Hydrogen Economy ..........cccccccoeeeviviinienienvennnenne. 1312
X.9 Hydrogen Education and Outreach.............ooiiviiiiiniiiieiieieeeeeee e 1315
Wisconsin
IV.A.5 Hydrogen Generation from Biomass-Derived Carbohydrates via the Aqueous-Phase
Reforming (APR) PrOCESS ....cc.eevuiiiiieiieie ettt ettt sttt e s 96
VIIL.A.6 Fuel Cell Powered Front-End Loader Mining Vehicle.........c.ccccoeeeiiniieiciiccieciie e, 1159
Wyoming
IV.B.1  The Integration of a Structural Water-Gas-Shift Catalyst with a Vanadium Alloy
Hydrogen TranSport DEVICE ........ccceriririerieierieeeee ettt see e ee e 145
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